Aim: To study the hematological and serum biochemical parameters of the critically endangered gharial (Gavialis gangeticus).
Introduction
The gharial is a unique crocodilian species, characterized by long thin jaws and a bulbous growth at the end of the snout in mature males. Gharial, being one of the largest living crocodilians, is now fighting for its existence and sadly enough this species is heading towards extinction. The convention on International Trade of Endangered Species of Wild Fauna and Flora, lists gharial in appendix I and the International union of the conservation of nature includes gharial on the red list as critically endangered species [1, 2] .
Gharial is one of three crocodilians native to India, the other two being the mugger crocodile and the saltwater crocodile. In 2007-2008, gharial received attention with the demise of 111 individuals within a 35 km stretch of the Chambal river of National Chambal Sanctuary in Madhya Pradesh and Uttar Pradesh. The data on various health parameters of gharial is limited. Blood analysis is a minimally invasive method that can provide important clinical information about health and physiologic condition of animals [3] .
Since hematological and biochemical studies in gharial have not been published thus far, the present study was conducted to form a database on hematology and serum biochemistry of gharial.
Materials and Methods

Ethical approval
Methodology of the study was approved by the Ethical Research Committee of College of Veterinary Science and Animal Husbandry, Jabalpur, Madhya Pradesh, India.
Location of work
The work was carried out in the Centre for Wildlife Forensics and Health, Nanaji Deshmukh Veterinary Science University, Jabalpur and in the National Chambal Sanctuary. Rehabilitation of gharial has been taken up in the National Chambal Sanctuary from 1978. Over 3500 captive reared gharials have been reintroduced in the Chambal River by Madhya Pradesh and Uttar Pradesh State Forest Departments [2] .
Selection of animals
The study was conducted on the juvenile and sub adult captive gharials raised at Dewari Gharial Rearing Centre of National Chambal Sanctuary. The samples for the hemato-biochemical studies were collected from six juvenile (age 1-5 years, total length 90.00-150.00 cm) and six sub adult (age 5-10 years, total length 150.00-270.00 cm) gharials. Each animal was examined for signs of trauma, weight loss and abnormalities. A total 12 samples from apparently healthy gharials were studied.
Blood collection
Gharials were restrained physically, and care was taken to minimize stress on handling. Approximately 2.00-3.00 ml of blood was drawn aseptically, from the ventral median coccygeal vein of gharials using a sterile syringe and a 20 gauge needle. Each blood sample was divided into a vacutainer without anticoagulant, for biochemical analysis and a heparinized vacutainer (containing sodium heparin) for hematological studies. Direct blood smears were prepared for differential leukocyte count (DLC). Following the extraction of serum, the samples were refrigerated and transported immediately within a thermostatic container for analysis.
Hematological studies
The following hematological parameters were examined: Total erythrocyte count (TEC), hemoglobin The diluting fluid for blood cell counting was prepared as recommended by Natt and Herrick with slight modification [4] . The red blood cells were counted according to the procedure given by Feldman et al. [5] . Hb estimation was performed by the acid hematin method using Sahli's hemoglobinometer and expressed in g/dl of blood. PCV% was determined by the micro hematocrit method, using a micro hematocrit centrifuge (RM-12 C DX micro centrifuge REMI model). The centrifuge was spun for 5 min at 12,000 rpm. The percentage PCV was determined by using a PCV reader. Erythrocyte indices were calculated as per the formulae given by Feldman et al. [5] . The counting of leukocytes was carried out as per the method described by the Natt and Herrick [4] . The blood smears were prepared on grease free clean micro slides. Each direct smear was stained with Giemsa's staining solution and a 100 cell DLC was performed under oil immersion objective [6] .
The erythrocytes on Giemsa's stained blood smears were measured under a light microscope (Model Magnus-MEDILUX-12) according to the method followed by Arykan et al. [7] , using a MOB-1-15× micrometrical ocular at ×300 magnification. From each blood smear, 10 erythrocytes were chosen at random for the measurements of their lengths and widths. The sizes of the erythrocytes were calculated from: 
Biochemical studies
The analysis of serum was conducted within 24 h of extraction at room temperature by using eppendorf ECOM-F 6124 semi-automatic biochemical analyzer (Mannheim Bio-medicals Limited). ERBA biochemical reagent kits manufactured by Transasia Bio-medicals Ltd., daman for alanine aminotransferase, aspartate aminotransferase (AST), alkaline phosphatase (ALP), lactate dehydrogenase, total protein, albumin, creatinine, blood urea nitrogen (BUN), cholesterol and triglycerides were procured and used after development of metrics for each estimate. The methodology and the set reagents used in respect to each parameter were as per the recommendations of the manufacturer of analyzer system.
Hematological and serum biochemical data obtained was analyzed for statistically significant difference (p<0.05) between all the values of two age classes by a two-sample t-test assuming unequal variances. In addition, significant differences (p<0.05) between means of erythrocyte size values of two age classes were also tested by a two-sample t-test assuming unequal variances. The mean and standard error of the values were calculated as per the standard procedure [8] .
Results
The mean and range of hematologic and serum biochemical values of juvenile and sub adult gharials are given in Tables-1 and 2 , respectively. Blood hemolysis or serum lipemia was not observed. The mean erythrocyte size was 782.38±13.92 μm in juvenile and 654.21±7.10 μm in sub adult gharials.
Discussion
The numbers of erythrocytes in reptiles are lower than birds and mammals. Among reptiles, lizards have the more numbers of erythrocytes than turtles and crocodiles. Consequently, there is a negative correlation between the number of erythrocytes and the body sizes [9] . The numbers of erythrocytes of gharial was in agreement with the stated correlation. However, the negative correlation did not exist intraspecifically in gharials. Since erythrocyte count in juveniles was significantly lower than the sub adult gharials. Similar observations were recorded in the Mugger crocodiles and Nile crocodiles [10, 11] . Whereas, the measured erythrocytes sizes and MCV values in juvenile gharials were significantly greater than the sub adults. The erythrocytes in both juvenile and sub adult gharials measured smaller than amphibian erythrocytes and larger than erythrocytes of lizards, birds and mammals [12] . PCV is taken as the key parameter in the hematology of reptiles, because it provides tentative values of TEC and Hb concentration and can be developed as a sole parameter for health evaluation of smaller sized, younger, weak and sick reptiles, where collection of sufficient amount of blood required for complete hemogram analysis is not feasible and also since blood collection is comparatively difficult in reptiles. In general reptiles have lower hematocrits (20-35%). PCV <18-20% is indicative of anemia in a reptile patient [13] . However, in this investigation PCV values of gharials ranged between 17.30 and 23. No significant difference in PCV values was determined between juvenile and sub adult gharials. AST, ALP, BUN, triglycerides and albumin concentrations in sub adult gharials were significantly higher than juveniles. It is important to have known reference ranges of these enzymes and other serum constituents for understanding pathology and pathogenesis of diseases affecting gharial [13] .
The hematological and serum biochemical values for gharials showed similarities and some notable differences when compared with values of other crocodilian species (Table-3 ). The comparisons between crocodilian families are observational, as statistical analyses were not possible. Some factors that might have affected parametric values obtained in earlier studies, such as complete methodology, environmental conditions including water chemistry, contaminant exposure, and ambient temperature, demographics and diet of the sample population may be unknown or may have differed between the studies These factors could have produced large differences, which are not reflections of true species differences. Therefore, it is, difficult to draw any firm conclusions regarding the biological significance of hematologic and biochemical differences between the species [10] . Additionally, the manual cell counting methods used in this investigation and other studies have a high rate of error [6] . However, the data obtained are still worth considering while interpreting blood values of a specific species, since they are the best that are currently available.
Conclusion
The study provided much-needed basic information on hematology and serum biochemistry in gharial. However, for a species specific reference range to be developed for gharial future studies with additional parameters and large sample sizes are required to evaluate the difference between genders and age classes. We also recommend analyzing other factors such as season, climatic conditions, source of gharials (captive or free-ranging) and perhaps a quantitative habitat evaluation to establish reliable relationships between these parameters and the gharial's environment. 
